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(54) Light-receptlon/emlssion modulfijwith optical and electrical wiring combined therein, 
nnettiod for producing the module, and assembled member Including the module 



(57) AJight reception/ennission device built-in mod- 
ule with optical and electrical wiring combined therein 
includes: an optical waveguide layer (104) including a 
core portion (105) and a cladding portion (106); first and 
second wiring patterns {121a, 121b. 121c) formed on a 
main surface of the optical waveguide layer (1 04); a light 
reception device (101) disposed Inside the optical 
waveguide layer (104), the light reception device (101) 
being optically connected with the core portio n (1 05) of 



the optical waveguide layer and t>elng electrically con- 
nected with the first wiring pattem; and a light emission 
device (103) disposed inside the optica! waveguide lay- 
er, the tight emission device being optically connected 
with the core portion (105) of the optical waveguide layer 
and being electrically connected with the second wiring 
pattem. With this configuration, optical coupling be- 
tween the optical waveguide and the light reception/ 
emission device can be conducted precisely. 
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Description 

[0001] The present invention relates to a light recep- 
tion/emission device built-in module with optical and 
electrical wiring combined therein, in which a semicon- ^ 
ductor device for light reception/emission Is built in an 
optical and electrical wiring combined wiring board pro- 
vided with an optical waveguide portion and an electrical 
wiring portion. The present invention also relates to a 
method for producing the module and an assembled 
member of the module. 

[0002] In recent years. In order to realize communica- 
tion with larger capacity and signal processing at a high- 
er speed, optical interconnection technology that links 
integrated circuits with an optical waveguide has been 
developed as a method for exceeding the limit of eleo- 
trical wiring. The conventional optical interconnection 
technology, as disclosed in JP 2000-340907 A, employs 
a wiring board formed by embedding a fibrous optical 
waveguide member therein as a wiring board for provid- 
ing optical wiring serving as an optical waveguide in the 
board. 

[0003] Furthermore, a configuration for canying out 
optical coupling between a light receptlon/emissbn de- 
vice and an optical waveguide includes, as disclosed in 
JP 5(1993}-67770 A, an optoelectronic IC chip with a 
light-emission device packaged therein, which Is pack- 
aged in an optical wiring board equipped with an optical 
waveguide and a reflective mirror. 
[0004] Furthermore, JP 2000-332301 A discloses a 
configuration in which an end portion of an optical 
waveguide is processed so as to forni an angle of 45'' 
with respect to Incoming and outgoing light with respect 
to a surface emission optical device, and the 45^ end 
face is coated with a metal film and the like so as to 
functbn as a reflective mirror, by which the optical path 
of incoming/outgoing light with respect to the surface 
emission optical device is changed by 90*^ Into a core 
layer of the optical waveguide In order to allow the op- 
tical coupling. 

[0005] However, the conventtonal configuration for 
optteat coupling of the optical device and the optical 
waveguide using the reflective mirror to allow the optical 
path to be changed by go*" requires the reHective miror 
to be included in the optical waveguide, in addition, 
when a semiconductor device and a circuit component 
other than the optical devbe also are to be packaged 
on a board with the optical waveguide fomned therein by 
the surface packaging technology for the purpose of 
electric connection, the optical coupling portion might 
suffer from the contamination by flux and the tike Includ- 
ed In eutectb sokier that Is normally used during a man- 
ufacturing process, in particular, during a reflow proc- 
ess, which reduces the optk^al coupling efficiency. For 
that reason, the surface packaging of an opttoai device 
that Is optically coupled with an optical wavegukfe has 
to be carried out with a specific process that does not 
use flux or the like. 



[0006] l\^oreover, in addition to the necessity for ad- 
dressing this problem, to transmit signals at high fre- 
quencies between an optical device and a semiconduc- 
tor device for driving of the optical device or for ampli- 
fying signals requires electrical wiring over a short dis- 
tance. 

[0007] Therefore, with the foregoing in mind, it Is an 
object of the present invention to provide a light recep- 
tion/emission device built-in module with optical and 
electrical wiring combined therein, by whteh optical cou- 
pling Is conducted without using an optical device such 
as a reflective mirror between an optical device and an 
optk:al waveguide, and to provide a method for produc- 
ing the module and an assembled member of the mod- 
ule. 

[0008] To fulfill the above-stated object, a light recep- 
tion/emission device built-in module with optical and 
electrical wiring combined therein of the present inven- 
tion Includes: an optical waveguide layer including a 
cone portion and a cladding portion; first and second wir- 
ing patterns formed on a main surface of the optical 
waveguide layer; a light reception device disposed in- 
side the optical waveguide layer, the light reception de- 
vice being optically connected with the core portion of 
the optical wavegukje layer and t)elng electrically con- 
nected with the first wiring pattern; and a light emission 
device disposed inside the optteal waveguide layer, the 
light emission device being optically connected with the 
core portion of the optical waveguide layer and being 
electrically connected with the second wiring pattern. 
[0009] A method for producing a lig ht reception/emis- 
sion device built-in module with optical and electrical 
wiring combined therein of the present Invention in- 
cludes the steps of: forming a through hole in an optical 
waveguide layer including a core portion and a cladding 
portion; forming a plurality of wiring patterns on a main 
surface of a releasing film and packaging a light recep- 
tion device and a light emission device on the wiring pat- 
terns; aligning the releasing film so that the wiring pat- 
terns face a side of the optical waveguide layer and 
overiaying the same on Uie optical waveguide layer, fol- 
lowed by application of pressure, so that the light recep- 
tion device or the light emisskin devtee Is disposed In 
Uie through hole in the optical wavegukle layer; filling 
Uie through hole with a resin that is tiBnsparent with re- 
spect to light propagating through the core portion; and 
curing the resin. 

[001 0] An assembled member including a light recep- 
tion/emission device built-in module with optical and 
electrical wiring combined tiierein of the present inven- 
tion Includes: a n optical wa veguide layer Including a 
c»re portion and a cladding portion; first and second wir- 
ing patterns formed on a main surface of the optical 
waveguide layer; a light reception device disposed irt- 
side the optical waveguMe layer, the light receptbn de- 
vice being optically connected with the core portion of 
the optical wavegukJe layer and being electrically con- 
nected wiUi the first wiring pattern; a light emission de- 
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vice disposed inside the optical waveguide layer, the 
light emission device being optically connected with the 
core portion of the optical waveguide layer and being 
electrically connected with the second wiring pattern; 
and a driving device and an amplification device that are 
packaged in the optical waveguide layer. In this assem- 
bled member, the light emission device Is electrically 
connected with the driving device via the second wiring 
pattern and the light reception device is electrically con- 
nected with the amplification device via the first wiring 
pattern. 

Fig. 1 is a cross-sectional view schematically show- 
ing a configuration of a first light reception/emission 
device built-in module.wlth optical and electrical wir- 
ing combined therein according to Embodiment 1 
of the present invention. 

Fig. 2 is a cross-sectional view schematically show- 
ing a configuration of a second light reception/emis- 
sion device built-in module with optical and electri- 
cal wiring combined therein according to Embodi- 
ment 1 of the present invention. 
Fig. 3 is a cross-sectional view taken along line I- 1 
of Fig. 2. 

Fig. 4 is a cross-sectional view showing another ex- 
ample, which corresponds to the view taken atong 
line N of Fig. 2. 

Fig. 5 is a cross-sectional view schematically show- 
ing a conflguratian of a third light reception/emis- 
sion device built-in module with optical and electri- 
cal wiring combined therein according to Embodi- 
ment 1 of the present invention. 
Fig. 6 Is a cross-secttonal view schematically show- 
ing a configuration of a fourth light reception/emis- 
sion device built-in module with optical and electri- 
cal wiring combined therein according to Embodi- 
ment 1 of the present invention. 
Figs. 7Ato I are cross-sectional views schematteal- 
ly showing a method for producing a light reception/ 
emission device built-in module with optical and 
electrical wiring combined therein according to Em- 
bodiment 2 of the present invention. 
Fig. 8 Is a cross-sectksnal view schematically show- 
ing an assembled member of a light reception/emis- 
sion device built-in module with optical and electri- 
cal wiring combined therein according to Embodi- 
ment 3 of the present invention. 
Fig. 9 schematically shows a circuit of an assem- 
bled member of a light reception/emission device 
built-in module with optical and electrical wiring 
combined therein according to Embodiment 3 of the 
present Invention. 

Fig. 10 is a cross-sectional view schematically 
showing a conftguration of a light reception/emis- 
sion device built-in module with optical and electri- 
cal wiring combined therein according to Embodi- 
ment 4 of the present invention. 
Fig. 11 is a cross-sectional view taken atong line I l-ll 



of Fig. 10. 

Fig. 12 is a cross-sectksnal view schematically 
showing a conHguration of a light reception/emis- 
sion device built-in module with optical and electri- 

5 cal wiring combined therein according to Embodi- 
ment 5 of the present invention. 
Fig. 13 Is a cross-sectional view schematically 
showing a configuration of another light reception/ 
emission device built-in module with optical and 

10 eiectrbai wiring combined therein according to Enn- 
bodlment 5 of the present Invention. 
Fig. 14 is a cross-sectional view schematically 
showing a configuration of a light reception/emis- 
sion device built-in module with optical and electri- 

15 cal wiring combined therein according to Embodi- 
ment 6 of the present invention. 
Fig. 15 is across-sectional view showing the optical 
coupling between the optical waveguide core por- 
tion and the light reception device according to Em- 

20 bodlment 6 of the present invention. 

[001 1] Accord]ng_lQ_the.pres^^ a core por- 

tion is embedded in a claddjng portion so as to fgr m an^ 
opttoarwavegu layer. Wiring patterns are formed on 

25 at least one irialn surface of the optical wavegukJe layer. 
A light reception device and a light emission device also 
are embedded in a resin as the cladding portion and 
each is electrically connected with a wiring pattem. 
Thereby, the optical coupling between the optical 

30 waveguide and the light reception/emission device can 
be conducted without providing an optk:al path changing 
unit using a reflective mirror formed on an end face of 
the optical waveguide for changing the optical path by 
90^. In additbn, circuit components can be packaged 

35 for tine electrical connection on a board witii the optical 
waveguide formed therein by surface packaging tech- 
nology utilizing a solder involving a flux or tiie like. 
[0012] Preferably, In the atxsve module, the light re- 
ception device and the light emission device are dis- 

40 posed at positions in Uie optical waveguide layer so that 
optk:al Input and output are conducted In a directton par- 
allel to a plane on which the core portion of the optical 
waveguide layer Is fomned. With this configuration, the 
optical input and output are conducted wiUi respect to 

45 Uie light reception/emission device in Uie direction par- 
allel to the plane on whk:h the core portion is formed, 
and therefore the optical coupling can be conducted 
wiUiout providing an optical path changing unit for 
changing tiie traveling direction of the light between tiie 

50 optteal waveguide and tiie light reception/emission de- 
vk». 

[0013] In the above module, preferably, the light emls- 
ston device is configured with a surface emission type 
laser. With the use of the surface emission type laser, 
55 the distribution of the Intensity of light emitted from the 
light emissbn devbe concentrates on a narrower angle 
as compared with an end face emission type, and there- 
fore the optical coupling efficiency between the core por- 
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tlon of the optical waveguide and the light emisslan de- 
vice can be Improved. 

[0014] In the above module, preferably, an end ^ce 
of the core portion of the optical waveguide layer is op- 
tically connected with the light reception device or the 5 
light emission device via a light-transmitting resin mate- 
rial. By conducting the optical coupling of the end face 
of the core portion of the optical waveguide with the light 
reception/emission device via the light-transmitting res- 
in material, the reflection of optical signals from the end 
face of the optical waveguide core portion or the opti- 
cally connecting surfaces of the light reception device 
or the light emission device can be reduced, and the op- 
tically coupling efficiency between the optical 
waveguide core portion and the light reception device 
or the light emission device can be improved. Further- 
more, the light reception device or the light emission de- 
vice can be protected from the surroundings. 
[001 5] In the above module, preferably, a third wiring 
pattern Is formed on the other main surface of the optical 
waveguide layer. In addition, preferably, a circuit com- 
ponent is pacl^aged on the third wiring pattern. 
[001 6] Preferably, the above module further includes 
an Insulation board made of a mixture containing an In- 
organic filler and a thermosetting resin on at least ana 
side of the optical waveguide layer. 
[0017] In the present invention, there may be a plural- 
ity of the core portions. This is for realizing higher den- 
sity. Among the plurality of cora portions, at least two 
core portions may be disposed In the same plane. Fur- 
thermore, at least three end faces of end faces of the 
plurality of core portions may be disposed in the same 
plane. Furthermore, at least three end faces of end fac- 
es of the plurality of core portions may be disposed on 
a substantially same line. 

[0018] There may be a plurality of the optical 
waveguide layers. This is for realizing higher density. It 
Is preferable that end faces of core portions of the plu- 
rality of optical waveguide layers have a concave fonn 
or a convex form. This is for facilitating the optical cou- 
pling. 

[OOld] In the module according to the present inven- 
tion, it Is preferable that the light reception device, the 
light emission device and the optical waveguide layer 
are alj embedded in an electrical insulation layer. With 
this configuration, when these elements are embedded 
in the electrical Insulation layer, posittana! alignment of 
the light reception device, the light emission device and 
the optical waveguide layer can be conducted precisely, 
and a module with favorable ease of handling can be 
obtained. 

[0020] According to the producing method of the 
present Invention, the light reception/emission device 
built-in nuxjule with optical and electrical wiring com- 
bined therein of the present invention can be produced 
easily. 

[0021] According to the assembled member of the 
present invention, the wiring length k>etween the light re- 



ception device or the light emission device and the driv- 
ing device or the amplification device can be shortened, 
and the cut-off frequency of the frequency property con- 
cerning the transmission properties can be increased. 
[0022] In the above assembled member, preferably, 
an anode terminal and a cathode terminal of the light 
emission device are both electrically connected with the 
driving device via the second wiring pattern and an an- 
ode terminal and a cathode terminal of the light recep- 
tion device are both electrically connected with the am- 
plification device via the first wiring pattern. The wiring 
length between the light reception device or the light 
emission device and the driving device or the ampliHca- 
tion device can be shortened further, and the cut-off fre- 
quency of the frequency property concerning the trans- 
mission properties can further be Increased. 
[0023] According to the module of the present inven- 
tion, the optical coupling between the optical waveguide 
and the light reception/emission device can be conduct- 
ed without provldlnq an optical path changing u nit using 
a r eflectlve mirrqr formed on an endT&ce ofthe opfical 
"waveguide for^hanging the optical path by 90'". In ad- 
dition, circuit components can be packaged for the elec- 
trical connection on a board with the optical waveguide 
formed therein t>y surface packaging technokigy utiliz- 
ing a solder involving a flux or the like. 
[0024] In addition, the optical input and output are 
conducted with respect to the light reception/emission 
device In the direction generally paratlel to the plane on 
which the core portion is formed, and therefore the op- 
tical coupling can be conducted without providing an op- 
tical path changing unit for changing the traveling direc- 
tion of the light between the optical waveguide and the 
light reception/emission device. In addition, with the use 
of the surface emission type laser, the distribution of the 
intensity of light emitted from the light emission device 
concentrates on a narrower angle as compared with an 
end face emission type, and therefore the optk:al cou- 
pling efficiency between the core portton of the optical 
waveguide and the light emisston device can t>e im- 
proved. 

[0025] According to the assembled member of the 
present Inventtan, the wiring length between the light re- 
ception device or the light emisston device and the driv- 
ing device or the amplification device can be shortened, 
and the cut-ofF frequency of the frequency property con- 
cerning the b^ansmlssion properties can be increased. 
[0026] The following describes embodiments of the 
present invention in detail, with reference to Figs. 1 to 
15. In the fbllowing drawings, the same reference nu- 
meral denotes the same element. Note here that the 
present Invention Is not limited to the fbllowing embod- 
iments. 



[0027] Fig. 1 is a cross-sectional view schematically 
showing a configuration of a light recepUon/emission de- 
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vbe built-in module with optical and electrical wiring 
combined therein according to Embodiment 1 of the 
present invention. 

[0028] In Fig. 1, a light reception device 101 and a 
light emission device 103 are each electrically connect- 
ed with an end of a wiring pattern 121a that is provided 
In an optical waveguide layer 104 so as to be package d 
itiereiru The other end of the wiring pattern 121a is ex- 
posed to the outside of the optical waveguide layer 1 04. 
An optical waveguide core portion 105 Is optically cou- 
pled to the light reception device 101 and to the light 
emission device 103. in addition, the light reception de- 
vice 101 and the light emission device 103 are embed- 
ded in the optical waveguide layer 104. On another sur- 
face of the optical waveguide layer 104, wiring patterns 
121b and 121c are formed. 

[0029] The optical waveguide core portion 105 is 
nnade of a polymer that is transparent with respect to 
each of the wavelengths of light recefved by the light 
reception device 101 and the wavelengths of light emit- 
ted by the light emission device 103. In particular, 
polymelhyl methacrylate. polyimide, polysilane, benzo- 
cyclobulene resin, epoxy resin, siloxane resin, polycar- 
tionate and the like can be used. As the light reception 
device 101 and the light emission device 103, a com- 
pound semiconductor device such as GaAis based and 
InP based devices can be used, whose reception and 
emission wavelengths may be, for example, 760 nm, 
850 nm, 1.3 pin and 1.5 pm. 

[0030] The optical waveguLde can be manutactured 
by dire ct writing using an electro n bea m or a laser beam, 
injection molding or press molding, in addition to by a 
method of photolithography and etching or a nnethod of 
UV curing. The optical waveguide core layer can be 
fornied in a rectangular form by the above-described 
methods, and a single mode size having a core size ap- 
proximately from 6 to 10 Km and a multi mode size hav- 
ing a core size approximately from 40 to several hun- 
dreds \m are available. Particularly, when an end face 
of the optical waveguide core layer for the optical cou- 
pling with the light reception devtoe or the light emission 
device is treated to have an asp heric surface during the 
above-described manufacturing process of the optical 
waveguide, this treatment can improve the optical cou- 
pling efficiency between the light reception/emission de- 
vk^s and the optical waveguide core layer. 
[0031] The light reception device 101 and the light 
emission device 103 are disposed in the optical 
waveguide layer 104 in such a manner that optical input 
and output are carried out in a direction generally par- 
allel to a plane on which the optteal waveguide core por- 
tion 105 is formed. 

[0032] Especially, a light emission surface of the light 
emission device 103 with whk:h the opttoal waveguide 
core portion 105 is optically coupled is packaged so that 
the light emlsskin surface fomns an angle within a right 
angle ±10^ with respect to an optical axis of the optical 
waveguide core portion 105. VVhen the angle formed is 



within a right angle ± 10*. an Influence by so-called re- 
turn light, whteh is the light emitted from the light emis- 
sion device 103 and then returning to the light emission 
device 1 03 by the reflection from the end face of the op- 

5 tical waveguide core portion 105, can be reduced. Even 
In the case of the angle t>eyond the range, it Is passible 
to reduce the Influence by the return light. However, 
since the optical coupling efficiency between the optical 
waveguide core layer and the light emission device de- 

10 teriorates, the angle within a right angle ± 1 0* Is prefer- 
able and the angle within a right angle ± 1 to 3*> Is the 
most preferable. 

[0033] As the light emission device, an end face emis- 
sion type or a surface emission type semiconductor la- 

15 ser can be used. In the case of the surface emission 
type, the light emission device Is configured with a light 
emission portton and a sub carrier portion, where the 
light emission portion is provided with an active layer 
manufactured with a semiconductor made of GaAs, InP, 

20 InGaAs, InGaAsP or the like and the sub carrier portion 
is made of a material selected from Si, AIN SIC or the 
like that has approximately the same thermal expansion 
coefficient as that of the light emission portion. The sur- 
face emissbn type light emission portion Is provMed on 
the side of the sub carrier portton. 
[0034] An electrode of the light emission portion is 
connected with a wiring pattern via an electrode provid- 
ed in the sub carrier portion. In the case of the configu- 
ration including the surface emission type light emission 

30 device, the distribution of the intensity of tight emitted 
from the light emission device concentrates on a nar- 
rower angle as compared with the end face emission 
type, and therefore the optical coupling efficiency be- 
tween the core portion of the optical waveguMe and the 

35 tight emission device is improved. In the case of the end 
face emission type semiconductor laser, when a spot 
size changing function is Incorporated In the emission 
end ofthe semiconductor laser, this function enables the 
light intensity distribution to concentrate on a narrow an- 

40 gie, thus improving the optical coupling efficiency be- 
tween the core portion ofthe optical wavegukJe and the 
light emission device. 

[0035] The optical waveguide layer 104 Includes the 
optical waveguide core portion 105 and the optical 

45 waveguide cladding layer 106, and the optical 
waveguide core portbn 105 Is made of a polymer that 
is transparent with respect to each of the wavelengths 
of light received by the light reception device 101 and 
the wavelengths of light emitted by the light emission 

so device 103. In partteular, polymethyl methacrylate, fiuor- 
inated polyimide, t)enzocyclobutene resin, epoxy resin, 
siloxane resin, polycart>onate and the like can be used. 
For the optical waveguide cladding ^ laye r 108 also. 
polynriethyl methacrylate, fluorinated polyirHide, benzo- 

55 cyctobutene resin, epoxy resin, siloxane resin, polycar- 
bonate and the like can be used as In the optical 
waveguide core layer. However, a difference in, refrac- 
tive index between materials of the optical waveguide 
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cladding layer and the optical waveguide core layer Is 
cxintrolled so that the optical waveguide core layer has 
a refractive index higher than that of the optical 
waveguide cladding layer. 

[0036] When fluorinated polyimide is used for the op- 
tical waveguide cladding layer 106, the optical 
waveguide core layer can be made of an other fluorinat- 
ed polyrmide having a difference in refractive index ad- 
justed so that the refractive index of the optical 
waveguide core layer is higher than that of the optical 
waveguide cladding layer. AltemaUvely, when poiysi- 
lane is used for the optical waveguide cladding layer, a 
nrialerial whose refractive index changes with the irradi- 
ation of light may be used. For instance, a material 
whose refractive index increases with the irradiation of 
UV light may be used, and an optical waveguide core 
layer may be formed by the exposure to light through a 
mask so as to have a refractive index higher than that 
of an optical waveguide cladding layer 
[0037] Furthermore, as shown in Fig. 2, an end face 
of a cora portion of an optical waveguide may be opti- 
cally connected with a light reception device or a tight 
emission device through a IjghUransrr^ 
In this case, a materia! that is transparent with respect 
to a transmitted or a received optical signal can be used 
as a material of the light-transmitting resin 109 such as 
a silicone based and an acrylate based resin material. 
In particular, the use of a light-transmitting resin material 
having a refractive Index close to the refractive Index of 
the core layer of the optical waveguide is preferable. Es- 
pecially, the use of a material having the same refractive 
index as that of the optical waveguide core portion, such 
as polymethyl methacrylate, polyimide, t>enzocy- 
clobutene resin, epoxy resin, slloxane resin, polycar- 
k>onate, is the most preferable. With this configuration, 
the reflection of optical signals from the end face of the 
optical waveguide core portion or the optically connect- 
ing surfaces of the light reception device and the light 
emission device can be reduced, and the optically cou- 
pling efficiency t>etween the optical waveguide core por- 
tion and the light reception device or the light emission 
device can be improved. Furthermore, the light recep- 
tion device and the light emission device can be protect- 
ed from the surroundings. Those effects can be ob- 
tained when the light-transmitting resin material is 
formed at least between the end face of the core portion 
of the optical waveguide and the optically connecting 
surface of the light reception device orthe light emission 
device, or the light-transmitting resin material may be 
filled so as to sun-ound the light reception device or the 
light emission device. In such a case, since the light 
emission/reception devices can be Isolated from the ex- 
ternal atmosphere, the degradation in reliability of the 
light reception/emission devices due to humidity and the 
like can be avoided. 

[0038] Fig . 3 Is a cross-sectional view taken along tin e 
l-l of Fig. 2. In this example, three optical waveguide 
core portions 105. three light reception devices 101 and 



three light emission devices 103 are arranged parallel 
with each other on the same plane. This configuration 
can realize a higher-density and higher-integration mod- 
ule. A marker 131 may be formed through the same 

5 process as that the optical waveguide core portion 105 
experiences, and may be made of the same material as 
that of the optical waveguide core portion 1 05 and have 
the same refractive index. Tlie marker may be formed 
in a circular fomn with a diameter 1 to 5 times the wklth 

10 of the optical waveguide core port kin 105. By setting this 
marker 1 31 as the positional reference, the light recep- 
Hofntfevice-IOI or the light emission device 103 and the 
optical waveguide core portion 105 are aligned so as to 
be optically coupled with each other, and then are pack- 

15 aged. 

[0039] Fig . 4 Is a cross-sectional view showing anoth- 
er example, which con-esponds to the view taken along 
line l-l of Fig. 2. In this example, four optical waveguide 
core portions 105 are arranged parallel with each other 

20 on the same plane, and one light reception device 101 
and one light emission device 103 are arranged thereon. 
In this example, four end faces of the core portions are 
ananged on the same line. This configuratton further re- 
alizes a higher-density and higher-integration module. 

25 [0040] As shown In Fig. 5, th e module may be config- 
ured to Include an in$u!atio.n^ard 129 that is made of 
a mbcture of an inorganic filler and a tFiermosetting resin 
on at least one sMe of the optical waveguide layer. 
[0041] In such a case, the rlgldi^ of the optical 

30 waveguide layer 104 and the msulation l)oard 129, 
w hich are integrated with each other, is improved. As a 
result, cracks, breakage and the like of the fight recep- 
tion/emission devices 101 and 103, which are caused 
by the extemai stress applied to the light reception/emls- 

35 8k)n devk^s that are provided by embedding inside the 
optk:al waveguide layer 104, can be decreased. Refer- 
ence numeral 140 denotes an inner yb-holejormed in 
the Insulation board 129 and 141 denotes a wiring pat- 
tern provided on a surface of the insulation board 129. 

40 The preferable thickness of the insulatton board 129 
ranges firom 50 |im to 400 |im. 

[0042] The Inorgante filler can be selected from AI2O3, 
MgO, BN, SIC, AIN and 8I02. By using these inorgante 
fillers, a light reception/emission device built-in module 

4s with optical and electrical wiring combined therein hav- 
ing excellent heat dissipation capabilities can be ob- 
tained. Note here that the content of the Inorganic filler 
preferably Is set so that 70 to 95 weight % of inorganic 
filler is present in the mixture. As for the thermosetting 

so resin, for example, 5 to 30 weight % of epoxy resin is 
preferably mixed thereto. 

[0043] By selecting the inorganic filler, a coefficient of 
thermal expansion of the electrical insulating board can 
be adjusted to match that of the light reception/emission 
65 devices, so that the light recept'ion/emission device 
built-in module with optk:al and electrical wiring conrv 
bined therein having high reliability can be obtained. 
[0044] Furthermore, as shown in Fig. 6, insulation 
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boards 129a and 1296 that are made of a mixture con- 
taining an inorganic filler and a thermosetting resin may 
provided on bQ\h sides of the optical waveguide layer 
104. In such a case, the generation of warp, which re- 
sults from a difference In thermal expansion coefficient 
between the optical waveguide layer and the insulation 
board, can be suppressed. The preferable thicknesses 
of the insulation boards 129a and 129b respectively 
range from 50 |im to 400 ^m. The insulation boards 
129a and 129b may be made of the same materials as 
those descrit)ed referring to Fig. 5. 
[0045] As the insulation board, a board including elec- 
trical wiring patterns formed across a plurality of layers 
may be used. With this conf»guralion, circuit compo- 
nents can be mounted on the Insulation board Integrated 
with the optical waveguide layer. Since the generation 
of the warp is suppressed, the circuit components can 
be packaged with stability. 

[0046] Furthermore, by providing a ceramic board 
that Is made of an inorganic material selected from the 
group consisting of AI2O3, MgO. BN, SIC and AIN on at 
least one side of the optical waveguide layer, the rigidity 
of a laminated memt>er of the optical waveguide layer 
and the ceramic board further can be improved. More- 
over, by selecting the Inorganic material so as to match 
a coefficient of thermal expansion of the light reception/ 
emission devices, the stress applied to the light recep- 
tion/emission devices caused by a difference in themnal 
expansbn coefficient can be avoided, so that a light re- 
ception/emission device built-in module with optical and 
electrical wiring combined therein having high reliability 
can be obtained. 

[0047] By using as a material of the insulatbn board 
a material that does not allow transmitted or receded 
optical signals to pass Uirough, the influence of noise 
that might be Incident on the optical waveguide layer 
from the outside can be avoided. Therefore, when insu- 
lation kxiards made of a material that does not allow the 
light to pass through are provkied on both sides of the 
optical waveguide layer, Uie influence of optical noise 
from the surroundings can be reduced as compared with 
the case where such an insulation board Is provkJed on 
one side of the optical waveguide layer. Add Itksn ally, 
noise from stray light from Uie light emission device also 
can be blocked. 

[0048] When circuit components are packaged on Uie 
above-described light reception/emission device built-in 
nnodule with optical and electrical wiring combined 
therein for the purpose of electrical connection, Uie sur- 
face packaging technology utilizing solder involving flux 
or the like does not affect the optical coupling portion 
between the optical waveguide and the light reception/ 
emission device. This is because the optical coupling 
portion linking the optical wavegukle and Uie light recep- 
tion/emission device is disposed inside Uie module. Ad- 
ditionally, the optical coupling between the optical 
waveguide and Uie light reception/emission device can 
be earned out only within the light reception/emission 



device built-in module with optical and electrical wiring 
combined therein, and therefore the circuit components 
can be packaged for the electrical connection without 
the requirement for optical coupling, and other circuit 
9 components can be mounted on the module using cur- 
rentiy available surface packaging technology and facil- 
ities. As the circuit components, for example, a capaci- 
tor, an inductor, a resistor, a semiconductor chip, CSP 
{chip size package) and the like can be used. 

10 

Embodiment 2 

[0049] Figs. 7A to 1 are cross-secttonal views sche- 
matically showing a method for producing a light recep- 

15 tion/emisslon devbe built-in module with optical and 
electrical wiring combined therein according to Embod- 
iment 2 of the present inventton. The following describes 
the method for producing Uie light reception/emission 
device built-in module wiUi optical and electrical wiring 

20 combined therein according to this embodiment, with 
reference to Figs. 7A to I. 

[0050] Firstly, as shown in Fig. 7A, an optical 
waveguide layer 104 is prepared in which an optical 
waveguide cladding layer 106 is formed so as to sur- 

25 round an optical waveguide core portkin 1 05. As for the 
opttoal waveguide layer 104, a film form optical 
waveguide film can be used. As the optical waveguide 
film, a film formed by press molding can be used in which 
a concave portion for forming the optical waveguide 

^ core layer Is provMed in a film made of polycartxinate 
or Uie like serving as an optical waveguide bwer clad- 
ding layer by pressing using a moW, polymer serving as 
the optical waveguide core layer Is filled In the concave 
portion, where a refractive Index of the polymer Is higher 

35 uian Uiat of the optical waveguide cladding layer, and 
an optical waveguide upper cladding layer is formed 
wiUi Uie same material as that of the optk^l waveguide 
lower layer. Alternatively, an ultraviolet-light Irradiation 
curing optical waveguide film that makes use of a resin 

40 material whose refractive index increases with the irra- 
diation of UV light can be used. 

[0051] Next, as shown in Fig. 7B, a first through hole 
115 is formed at a desired position of the optical 
waveguide layer 104. The first Uirough hole can be 

45 formed by, for example, laser processing or processing 
using a mold. The laser processing is preferable be- 
cause this method can farm the first through hole 115 
with a fine pitch and does not generate swarf. As for the 
laser processing, CO2 laser and exclmer laser facilitate 

so Uie processing. 

[0052] From a side face of Uie first through hole 115, 
an end face of the optical waveguide core portion 105 
is exposed. The first through hole 115 preferably Is 
formed at a region where a light reception device and a 

55 light emission device are to be packaged so Uiat the op- 
tical waveguide core portion 105 and Uie light reception 
device or the light emisskin device are optically coupled 
wiUi each oUier, as described later. In addition, at the 
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same time, a releasing fitm 119 with wiring patterns 121a 
and 121c formed thereon is aligned and overlaid with 
respect to the optical waveguide layer 104 in which the 
first through hole 115 is formed. 
[0053] As the releasing film 119. for example, a film 
made of polyethylene terephthalate or polyphenylene 
sulfide can be used. The wiring patterns 121a and 121c 
can be formed, for example, by bonding copper foil to 
the releasing film 119. followed by a photolithography 
process and an etching process. Instead of the copper 
foil, a metal thin film also can be used. In these process* 
es, the wiring patterns 121a and 121c that correspond 
to the arrangement of electrodes of the light reception 
device and the light emission device are transferred at 
a region that corresponds to the through hole 115 In 
which the light reception device and the light emission 
device are to t>e mounted. 

[0054] Thereafter, as shown in Fig. 7C. pressure and 
heat are applied to the result obtained by aligning and 
overlaying these elements, so that a lamination member 
of the optical waveguide 104 and the wiring patterns 
121a and 121c can be obtained. 
[0055] Thereafter, as shown in Fig. 7D, the light re- 
ception device and the light emission device are mount- 
ed on the wiring patterns 121 a and 121 c so as to estab- 
lish the optical coupling between the optical waveguide 
core portion 105 and the light reception/emission devic- 
es. In this process, alignment mariners for positional 
alignment may be formed on the wiring pattems 121a 
and 121c or on the optical waveguide layer 104. which 
facilitates the mounting of the fight reception device and 
the light emission device. Then, after the light reception 
device and the light emission device are mounted, the 
releasing film 119 is peeled off. This releasing film 119 
may be peeled off after the completion of the module. 
[0056] Thereafter, as shown in Fig. 7E, the first 
through hole 115 is filled with a light-transmitting resin 
109 by a printing method or the like. In the case where 
the light-transmitting resin 109 is a photo-setting type or 
a photo and thermo setting type, the first through hole 
1 1 5 is filled with the light-transmitting resin 1 09, followed 
t>y curing with the Irradiation of light. In the case of the 
themno-setting type, the curing Is conducted during the 
heating process, which will be described later 
[0057] As the light-transmitting resin, a material 
whose refractive index matches that of the optical 
waveguide core layer can t>e used. For example, the re- 
fractive index of the light-transmitting resin can be se- 
lected in a range of ±0.05 of the refractive Index of the 
optical waveguide core layer. The preferable range is 
±0.01. For instance, the use of fluorinated epoxy group, 
acrylic group, brominated epoxy group, sulfur-contain- 
ing vinyl group and the like allows the refractive index 
to be controlled freely in a range of 1 .40 to 1 .71 with the 
predsion of ±0.005. In addition to the resin that cures 
by UV light and heating, a gel form resin that does not 
cure also can be used. 

[0058] Thereafter, as shown in Fig. 7F. a second 



through hole 117 Is formed by laser processing or the 
like, and as shown in Fig. 7G, the second through hole 
117 is filled with a conductive resin composition 123. 
Subsequently, as shown in Fig. 7H, copper foil 127 "is 

5 aligned and overlaid thereto, followed by the application 
of pressure and heat, so that the thermosetting resin 
contained in the conductive resin composition 123 Is 
cured so as to fonm a via conductor 125. The heating 
applied is set at a temperature not less than a curing 

10 temperature of the thermosetting resin in the conductive 
resin composition 123(e.g.. 1 50 to 260°C}. Through this 
process, the copper foil 127 and the optical waveguide 
layer 104 are bonded with each other mechanically. 
[0059] The via conductor 125 establishes the electri- 

15 cal connection with the copper fail 127. After that, as 
shown in Fig. 71, the copper foil 127 is processed so as 
to form the wiring pattems. In this way, the light recep- 
tion/emission device built-in module with optical and 
electrical wiring combined therein described in Embod- 

20 Iment 1 can be formed. 

[0060] According to the above-described manufactur- 
ing method, the light reception/emission device built-in 
module with optical and electrical wiring combined 
therein described in Embodiment 1 can be manufao- 

25 tured easily. Alternatively, In the case where a material 
exhibiting a gel state after the curing is used as the light- 
transmitting resin in the above manufacturing process, 
the stress applied to the light reception/emission devic- 
es caused by a temperature change can be mitigated, 

30 so that a light reception/emission device built-in module 
with optical and electrical wiring combined therein hav- 
ing high reliability can be obtained. 

Embodiment 3 

35 

[0061] Fig. 8 is a cross-sectional view schematically 
showing an assembled member of a fight reception/ 
emission device built-in module with optical and electri- 
cal wiring combined therein according to Embodiment 3 

40 of the present invention. Thefollowing describes the as- 
sembled member of the light receptton/emission device 
built-in module with aptk:al and electrical wiring com- 
bined therein according to this emt>odiment, with refer- 
ence to Fig. 8. in this emtjodlment, a light receptton de- 

45 vice 101 is electrically connected with an amplification 
device 111 via a wiring pattern 121, and a light emission 
device103 is electrically connected with a driving device 
113 via a wiring pattern 121. 

[0062] In partteular. as for Uie electrical connection 
90 between the light reception devk^e 101 orthefightemis- 
ston device 103 and the amplification device 103 or the 
driving device 113. as shown In Fig. 9, two terminals of 
an anode terminal 101a and a cathode terminal 101 b of 
the light reception device 101 are both electi^bally corv 
65 nected wiUi the amplificatton device, whereas two ter- 
minals of an anode temnlnal 103a and a cathode termi- 
nal 103b of the light emission device 103 are both elec- 
trically connected with Uie driving device. Preferebly, tiie 
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light reception device 101 and the light emission device 
103 are optically connected with each other via an op- 
tical waveguide 105. 

[0063] In this configuration, when the ampliflcalion 
device 111 and the driving device 113 are arranged so s 
as to appose the light receptbn device 101 and the light 
emission device 103, respectively, the wiring length can 
be shortened, whereby the cut-off frequency concerning 
the transmission properties can be increased. In addi- 
tion, even when the amplificatlan device 111 and the 
driving device 113 are arranged so as not to oppose the 
light reception device 101 and the light emission device 
103. respectively, If the wiring is shorter than a wave- 
length of an electric signal that is transmitted between 
the drh^Ing device 113 and the light emission device 103 
or between the ampiificatian device 111 and the light re- 
ception device 101 , the module can perform operations 
without degradation of the transmiltance properties at 
high frequencies. The same applies to the case where 
a multilayer board is provided between the amplification 
device 111 or the driving device 113 and the light recep- 
tion device 101 or the light emission device 103. 
[0064] That is to say. as long as the module has the 
arrangement relationship of each of the devices like the 
configuration of a circuit diagram shown In Fig. d. the 
present invention is not limited to the module configura- 
tion shown in Fig. 8. For instance, in order to electrically 
connect the amplification device 1 1 1 with the light recep- 
tion device 101. other wiring patlems or via conductors 
may be used. However, if consideration Is given to the 
transmittance properties, it is desirable to make the wir- 
ing length as short as possible, and therefore the mod- 
ule configuration as shown in Fig. 8 is preferable. 
[0065] Furthermore, when Insulation multilayer 
boards made of a mbcture containing an inorganic filler 
and a thermosetting resin are provkJed on one side or 
t>oth sides of the optical waveguide layer 1 04, the wiring 
length can be shortened even In the configuration in 
which the amplification device 111 and the d riving d evice 
113 are an^nged inside the insulation multilayer board 
and the amplification device 111 or the driving device 
113 and the light reception device 101 or the light emis- 
sksn device 103 can be connected in a short distance. 
Therefore, if the wiring is shorter than a wavelength of 
a transmitted electric signal, the module can perform op- 
erations without degradation of the transmittance prop- 
erties at high frequencies. 

[0066] in particular, when the ampllficatkin device 
111, the driving device 113, the light reception device 
101 and the light emission device 103 are embedded 
and mounted in the optteal waveguide layer and In the 
Insulation multilayer board in a t>are chip state, the deg- 
radation of reliabiltty due to humidity can be avoided be- 
cause these devices are isolated from the external at- 
mosphere. 

[0067] Furthermore, a material such as AI2O3, MgO. 
BN, SIC and AIN for an Inorganic filler and a resin com- 
ponent are mixed to form the insulation multilayer board 



so that thermal expansion coefficients of the amplifica- 
tion device 111 and the driving device 113 match those 
of the light reception device 101 and the light emission 
device 103. the stress caused by thernr^l changes can 
be reduced. Also, the change in properties in accord- 
ance with thermal changes can be avoMed. 
[0068] Furthermore, when the module is configured 
to include a resistor device between the light emission 
device and the driving device, even in the case where 
the electrical wiring length between the light emission 
device and the driving devk:e is made longer than a 
wavelength of a transmitted signal, the module can per- 
form operations without degradation of the transmit- 
tance properties at high frequencies. 
[0069] When a bypass capacitor is arranged between 
the light receptkin device and the amplification device, 
the bypass capacitor having an impedance lower than 
output impedance of the light reception device in the fre- 
quency band included in an electric signal output from 
the light reception device, even in the case where the 
electrical wiring length between the light reception de- 
vk^ and the amplificatjon devk^e is made bnger than a 
wavelength of a transmitted signal, the module can per- 
form operatk3ns without degradation of the transmit- 
tance properties at high frequencies. 
[0070] As for the configuration for ananging the ca- 
pacitor, a chip form capacitor may be used so that the 
capacitor is embedded in the insulaton multilayer 
board. Altematively, the same effects can be obtained 
by providing a counter electrode inside the Insulation 
multilayer board so as to form a capacitor element. 
When the capacitor element is formed by providing the 
counter electrode inside the Insulatbn multilayer board, 
and if a configuration In whk^ a material with a dielectric 
constant higher than that of the insulation multilayer 
board is provided at an interval with the counter elec- 
ti-ode or a configuration in which the interval with the 
counter electrode is set at about 10 |im and the dlmen- 
sksns of the counter electrode are made smaller than 
1/4 of a wavelength of a tiiansmitted signal, the module 
further can perform operattons without degradati'on of 
the transmittance properties at higher frequencies. 
[0071] As stated at>ove, according to the assembled 
member of this embodiment, optical coupling can be 
conducted wiUiout using optk:al devices such as a re- 
flective mirror between Uie opfa'cal devtee and the optical 
waveguide, circuit components can be packaged In the 
wiring t>oard. on which optical wiring and electrical wir- 
ing are combined to be formed, using a normal surface 
packaging technology, and this embodiment can realize 
the assembled member operable even when signals 
transmitted between the optical device and a semicon- 
ductor device for driving the optical device or for ampli- 
fying the signals are alfrequencies not less than several 
GHz. 
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Embodiment 4 

[0072] Fig. 10 is a cross-sectionai view schematically 
showing a configuration of a lighlreception/emisston de- 
vice built-in module with optical and electrical wiring s 
combined therein according to Embodiment 4 of the 
present invention, and Fig. 11 is a cross-sectional view 
taken atong line IMI of Fig. 10. Thefoltovwng describes 
the light reception/emission device built-in module with 
optical and electrical wiring combined therein according 
to this embodiment, with reference to Figs. 10 and 11. 
In this embodiment, a light reception device 101 is flip- 
Chip packaged or face-up packaged on a sub carrier 
133a via a bump, and is electrically connected with a 
wiring pattem formed on the sub carrier 133a. The sub 
carrier can be made of a ceramic material such as alu- 
minum nitride, silicon carbide and alumina, and the sub 
carrier 133a is electrically connected with a wiring pat- 
tem 121 provided on a surfece of the optical waveguide 
layer 104. In the light rsceptkin device 101. a plurality 
of light reception portions are provided in a same plane 
of a surface of the device and are optically coupled with 
a plurality of optk:al waveguide core portions 105 pro- 
vided In the thickness direction of the optteal v^veguide 
layer 104. On the other hand, a light emission device 

103 is flip-chip packaged on a sub carrier 133b. Alter- 
natively, the light emission device 103 may be dice 
bonded onto the sub carrier 1 33b with solder and a con- 
ductive adhesive, and may be packaged using wire 
bonding between an electrode on the light emission de- 
vice 103 and an electrode provkled on the sub carrier. 
The sub carrier 133b includes the electrode formed on 
the side perpendicular to the surface on which the light 
emission device 103 is packaged, and the side eleo 
trode is electrically connected vWth the wiring pattem 
121 provided on the surface of the optk^l waveguide 
layer 104. As the light emission device 103. for example, 
a surface emisskin type layer devk:e can be used, on 
which a plurality of light emission porttons are provided. 
The plurality of light emisston portions respecUvely are 
optically coupled with the plurality of optical waveguide 
core portions 105 provided in the thickness direction of 
the optical waveguide layer 104. The wiring pattem 121 
provided on the surface of the optical waveguide layer 

1 04 is electrically connected wiUi anoUier surface of the 
optical waveguide layer 104 also via a via conductor 
125. Fig. 11 Illustrates the case where the plurality of 
optical waveguide core portions 105 are provided In an 
optical wavegukle cladding portion 106, where two stag- 
es of the optical waveguide core portions are provkjed 
in the thickness direction. The optical waveguMe core 
portions 105 may be provided at posltksns like lattice 
points. In this configuration, the light emisston portions 
of the light emission device or the light reception por- 
tions of the light receptton device also are provided in a 
similar manner so as to oppose the opttoal v/avegulde 
core portions 105 provkJed like lattbe points as shown 
in Fig. 11. In addition, on the surface of the optical 



waveguide layer In which the optical waveguide core 
portions are provided, the wiring pattem 121 Is provided. 
With this configuration, different signals can be trans- 
mitted between the light reception device and the light 
emission device using each of the plurality of optical 
waveguide core portions, and the optical waveguide 
core portions can be arranged with high density, thereby 
large-capacity signals can be transmitted. 

Embodiment 5 

[0073] Figs. 12 and 13 are cross-sectional views 
schematically showing a configuration of a light recep- 
tion/emission devk^e built-in module with optical and 
elecbical wiring combined therein according to Embod- 
iment 5 of the present Invention . The following describes 
the light reception/emission device built-in module with 
optk:al and electrical wiring combined therein according 
to this emkx)diment. wiUi reference to Figs. 12 and 13. 
In this embodiment, a light reception portion of a light 
reception device 1 01 , an optical waveguide core portion 
105 and a light emission portton of a light emission de- 
vk^e 103 are arranged on a same plane, and the optical 
waveguide core portion 105 is opttoally coupled to the 
light reception device 101 and the light emission device 
103. The light reception device 101 and Uie light emis- 
skDn device 103 are each electrically connected with a 
wiring pattem 121 provided on a surface of ;an optical 
waveguide layer 104. In addition, the l^ht reception de- 
vbe 101 and the light emission device 103 are provkied 
in through holes Uiat are formed by integrating the opti- 
cal waveguide layer 104 and Uie insulation tx)ard 129 
and making holestherethraugh. The surroundings of the 
light reception device 101 and the light emission device 
103 are filled witti a resin that matches the optical 
waveguide core portion 105 in refractive index and is 
transparent with respect to a wavelength of incoming 
and outgoing light to/from the light receptton device 101 
and the light emisston device 103. The light reception 
device 101 and the light emission device 103 have a 
height larger Uian a Uiickness of the optical waveguide 
layer 104 but smaller than a thickness of the Integration 
of the optical waveguide layer 104 and the insulation 
board 129. In particular, in Fig. 13. insulation boards 
129a and 129b are provided on boUi sides of an optical 
waveguide layer 104. and a light reception device 101 
and a light emission device 103 are provMed in through 
holes that are formed by Integrating the boards and the 
layer and making holes thereUirough. The light recep- 
tion device 101 is packaged on a sub carrier 133a, and. 
for example, Is flip-chip packaged thereon. As the light 
reception device 101. a surface Incident type photodl- 
ode and the like may be used. The sub carrier 1 33a with 
the light reception devk:e packaged Uiereon has an 
electrode provkjed on the side thereof, and the elec- 
trode on the side Is electrically connected with a wiring 
pattem 121 provkJed on a surface of the optical 
waveguide layer 104. The sub carrier 133a has a Uiick- 
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ness thicker than a thickness of the optical waveguide 
layer 1 04, but has a height kawer than a thickness of the 
Integration of the optical waveguide layer 104 and the 
insulation board 129. With this configuration, a fight re- 
ception device and a light emission device whose thick- 
ness Is larger than that of an optical waveguide layer 
can be used, and a light reception/emission device built- 
in module with opttoal and electrical wiring connbined 
therein can be configured without constraints whether a 
light emission portion and a light reception portion of the 
light reception/emission devk^es are located on an end 
face and on a surface. Therefore, the flexibility In the 
design can be enhanced. 

Embodiment 6 

[0074] Fig. 14 is a cross-sectional view schematically 
showing a configuration of a light receptton/emission de- 
vice built-in module with optical and electrical wiring 
combined therein according to Embodiment 6 of the 
present Invention. The following describes the configu- 
ration of the light reception/emission device built-in 
nrkodule with optteal and electrical wiring combined 
therein according to this embodiment, with reference to 
Fig. 14. In this embodiment, an optical waveguide layer 

104 is provided inside an insulation board 129. and an 
optical waveguide core portion 105 in the optical 
waveguide layer 104 is opttoally coupled with a light re- 
ception device 101 and a light emission devk» 103. The 
optical waveguide layer 104 may be made of glass. In 
addition to the same materials as described above re- 
ferring to Fig. 1. This drawing illustrates the case where 
the optical waveguide layer 104 Is recessed relative to 
the Insulatbn board 129 on two surfaces including a sur- 
face and a rear face of which wiring patterns 121 are 
provided. However, the thicker embodiment also is pos- 
sible. In this case, the embodiment becomes a state 
where an optk^al waveguide layer Is provided In a board 
having three or more wiring layers within which wiring 
patterns are provkled. With this configuration, an optical 
waveguide layer can be selected freely without con- 
straints on dimensions. 

[0075] Next, referring to Fig. 1S, the optical coupling 
portion between the optical waveguide core portion and 
the light reception device 101 will be described. The light 
reception device 101 is disposed in a circular through 
hole formed In the optical waveguide cladding portion 
106. and the surrounding of the light reception device 
101 is filled with a light-lransmitUng resin 109 that is 
transparent with respect to a wavelength of light re- 
ceived by the light reception device 101. where a resin 
with a refractive bidex higher than that of the optical 
waveguide cladding portion can t>e used. The refractive 
index of the light-transmitting resin 109 can be selected 
freely depending on a curvature of a surface with which 
the through hole and the optbal waveguide core portion 

105 contact With this configuration, a lens effect result- 
ing from the shape where the circular through hole and 



the optk:al wavegukie cladding portion 106 contact with 
each other can improve the optical coupling efTiciency 
betweenthe optical waveguide cladding portion 106 and 
the light rece ption device 1 0 1 . In this configu ration, even 
9 when the light reception device is replaced with the light 
emission devk». the same effects can be obtained. 



Claims 

10 

1. A light reception/emission device built-in nnodule 
with optical and electrical wiring combined therein, 
comprising: 

15 an optical waveguide layer comprising a core 

portion and a cladding portion; 
first and second wiring patterns formed on at 
least one of main surfaces of the optical 
waveguide layer; 

20 a light reception device disposed Inside the op- 

tical waveguide layer, the light reception device 
being optically connected with the core portion 
of the optical waveguide layer and being elec- 
trically connected with the first wiring pattern; 

25 and 

a light emisston devk^ disposed inside the op- 
tical waveguide layer, the light emission device 
being optically connected with the core portion 
of the optical waveguide layer and being eleo- 

30 tricaliy connected with the second wiring pat- 

tern. 

2. The module according to claim 1, wherein the light 
reception device and the light emission device are 

35 disposed in the optical waveguide layer so that op- 
tical input and output are conducted in a direction 
parallel to a plane on which the core portion of the 
optical waveguide layer Is formed. 

40 3. The module according to claim 1 . wherein the light 
emisston device is configured with a surface emis- 
sion type laser. 

4. The module according to claim 1 , wherein an end 
45 face of the core portbn of the optical waveguide lay- 
er Is optically connected with the light reception de- 
vice and the light emission device via a tight-trans- 
mitting resin material. 

so 5. The module according to claim 1, wherein a third 
wiring pattem is formed on the other main surface 
of the optteal waveguMe layer. 

6. TTie module according to daim 5, wherein a circuit 
65 component Is packaged on the third wiring pattem. 

7. The module according to claim 1 . further comprising 
an insulation t>oard made of a mbcture containing an 
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inorganic fiiler and a thennosetting resin on at least 
one side of the opticai waveguide layer. 

8. The module according to claim 1. comprising a plu- 
rality of the core portions. 

9. The module according to claim 8, wherein at least 
two core portions of the plurality of core portions are 
disposed on a same plane. 

10. The module according to claim 8. wherein at least 
three end faces of end faces of the plurality of core 
portions are disposed on a same plane. 

11. The module according to claim 8, wherein at least 
three end faces of end faces of the plurality of core 
portions are disposed on a substantially same line. 

12. The module according to claim 1 , comprising a plu- 
rality of the optical waveguide layers. 

13. The module according to claim 12. wherein end fac- 
es of core portions of the plurality of optical 
waveguide layers have a concave farm or a convex 
form. 

14. The module according to claim 1, wherein the light 
reception device, the light emission device and the 
optical waveguide layer are all embedded In an 
electrical Insulation layer. 

15. A method for producing a light reception/emission 
device built-in module with optical and electrical wir- 
ing combined therein, comprising the steps of: 

forming a through hole In an opUcal waveguide 
layer comprising a core portion and a cladding 
portion; 

forming a plurality of wiring patterns on a main 
surface of a releasing film and packaging a light 
reception device and a light emission device on 
the wiring patterns; 

aligning the releasing film so that the wiring pat- 
terns face a side of the optical waveguide layer 
and overiaying the same on the optical 
waveguide layer, followed by application of 
pressure, so that the light reception device or 
the light emission device Is disposed in the 
through hole in the optical waveguide layer; 
filling the through hole with a resin that is trans- 
parent with respect to light propagating through 
the core portion; and 
curing the resin. 

16. An assembled member including a light reception/ 
emissbn device built-in module with optical and 
electrical wiring combined therein, comprising: 



an optical waveguide layer comprising a core 
portion and a cladding portion; 
first and second wiring patterns formed on at 
least one of main surfaces of the optical 

waveguide layer; 

a light reception device disposed inside the op- 
tical waveguide layer, the light reception device 
being optically connected with the core portion 
of the optical waveguide layer and being elec- 
trically connected with the first wiring pattern; 
a light emission device disposed inside the op- 
tical waveguide layer, the light emission device 
being optically connected with the core portion 
of the optical waveguide layer and being elec- 
trically connected with the second wiring pat- 
tem; and 

a driving device and an amplification device 
that are packaged on the optical vya vegu ide lay- 
er. 

wherein the light emission device is electrical- 
ly connected with the driving device via the second 
wiring pattern and the light reception device Is elec- 
trically connected with the amplification devk» via 
the first wiring pattern. 

17. TTie assembled member including a module ac- 
cording to claim 16, wherein an anode terminal and 
a cathode terminal of the light emission device are 
both electrically connected with the driving device 
via the second wiring pattern and an anode terminal 
and a cathode terminal of the light reception device 
are both electrically connected with the amplifica- 
tion device via the first wiring pattern. 
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